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(1990), Thangai11 &Hur (1990) .




, Fiiilay et al. $(19SS))$ . ,






. $F\iota\iota.|i_{111\mathfrak{U}1}$.a &MlzllSl lla $(19S7)$
1:2 . , $\wedge VIizushini_{\mathfrak{c}}\gamma(1993)$
, B\’enard 1:2:3:..
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$z$ , $=$ $\backslash \cdot\iota$. , $tj$ . $=$ 21,
, $/\backslash ^{o_{\overline{7}}}$ $\epsilon=$ 7 .
Dean . 1,
$=$ $\sim-=0$ $U_{0}$ , $u={}^{t}(U.,$ $t)$ . $\iota\iota))$
$p$ .
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$\nabla.u=0,\cdot$ (1)
$\frac{\partial u}{\partial t}+u.\nabla u=-\nabla_{1^{J}}+\frac{1}{arrow)}\epsilon^{2}\iota\iota^{2}i+\frac{1}{Re}\triangle u$ . (2)
, $i$ . $\iota$ . , $R\epsilon$ , $R\epsilon=lC^{T_{0}}/\iota/$
. $u$
$\iota/=\iota’=\iota()=0$ at $1^{\cdot}=\pm 1$ (3)
.
, Poi.$s\cdot e\iota\iota ille$
. , $\overline{u}=$
$(0,0, \varpi(.\iota\cdot))$ , -[v(. .
$\overline{t\downarrow|}=\frac{1}{arrow)}CR\epsilon(1-$ $2)=1-.\iota^{2}$ , (4)
$C’$ $\sim\sim$ .
$\overline{p}=\underline{\frac{1}{)}}\epsilon.\underline{)}.J_{0}^{-\downarrow}.\overline{to}(.\iota’).d\backslash \cdot\iota’-C_{\sim}\wedge\cdot+1^{J_{0}}\underline{\rangle}$. (5)
. , Po $x=;=0$ .
. $u=\overline{u}+u’$ , $p=\overline{p}+l^{j’}$ , $u’$ $p’$
$\nabla.u’=0$ , (6)
$\frac{\partial\tau\iota’}{\partial t}+\overline{\alpha\prime}\frac{\partial u’}{\partial_{\sim}^{\sim}}-\epsilon^{2}\overline{\iota\downarrow’}tp’-\frac{1}{Re}\triangle tl’+\frac{\partial_{1^{J’}}}{\partial\backslash \iota}=-u’.\nabla\iota/’+\frac{1}{arrow)}\epsilon^{2}\iota\iota^{\prime\cdot\underline{)}}$. (7)
$\frac{\partial_{1)}’}{\partial t}+\overline{tp}\frac{\partial\iota’}{\partial_{\sim}^{\sim}}-\frac{1}{Re}\triangle\iota’+\frac{\partial_{l^{j’}}}{\partial_{1}/}=-u’.\nabla’t’$ , (S)
$\frac{\partial w’}{\partial t}+\varpi\frac{\partial\iota)’}{\partial_{\sim}^{\sim}}+tl’\frac{\partial\overline{\iota\downarrow)}}{\partial\backslash \cdot\iota}-\frac{1}{Re}\triangle w’+\frac{\partial_{l^{J’}}}{\partial_{\sim}^{\sim}}=-u’.\nabla\cdot\iota\iota\}$
’ (9)
.
(6) (7), (S), (9) $p$ , $\omega_{x}\equiv\partial_{l1)}’/\partial_{L}/-\partial\iota’/\partial z$
$\triangle$ .
$\frac{\partial\omega_{x}}{\partial t}+\overline{w}\frac{\partial\omega_{x}}{\partial_{\sim}^{\sim}/}+\frac{d\overline{w}}{c1x}\frac{\partial_{1l^{l}}}{\partial y}-\frac{1}{Re}\triangle\omega_{x}=-\frac{\partial}{\partial?/}(u’.\nabla)rv’+\frac{\partial}{\partial_{\sim}^{\sim}\prime}(u’.\nabla)\iota)’$ . (10)
$\frac{\partial\triangle u’}{\partial t}+\varpi\frac{\partial\triangle.\cdot u’}{\partial_{\sim}^{\sim}}-\frac{c1^{2}\overline{\omega}}{c1x^{2}}\frac{\partial u’}{\partial\sim\sim}-\frac{1}{Re}\triangle\triangle u’-\epsilon^{2}\overline{w}(\frac{\partial^{2}}{\partial c/^{2}}+\frac{\partial^{2}}{\partial_{\sim}^{\gamma}2})w’=-\triangle((u’.\nabla)\cdot u’)$
16
$+ \frac{\partial}{\partial\backslash \cdot\iota}(\frac{\partial}{\partial x}(u’.\nabla)n’+\frac{\partial}{\partial_{1}/}(u’.\nabla)_{1\rangle}’+\frac{\partial}{\partial_{\sim}^{\sim}}(u’.\nabla)\iota v’)+\underline{\frac{1}{)}}\epsilon^{2\prime 2}\triangle(()-\frac{1}{arrow\supset}\epsilon^{2}\frac{\partial^{2_{\iota\{)}\prime}\underline{)}}{\partial.\iota^{\underline{y}}}$. (11)
$u’$ .
$u’=^{t}(\iota/’, \iota)"\iota\iota")$ . (12)
, $11^{l},$ $t’,$ $tP$)’ $y$ . $\sim\sim$ $\vee 7-$ ,
. , $\iota/\iota$ )$’;’,$ $t1)’\propto\exp(-i\alpha ct)$ . ,
$u’=u_{1}’(.\iota\cdot)$ cxp $[ic\backslash (\sim\sim-c\cdot t)+i_{l}3_{1/}]$ (1.3)
. ,
$u_{1}’={}^{t}(\iota/$ . $\iota$ . $\iota\{’)$ (14)
. (10), (11) (13) , , (6)
$\iota 1=(idtl_{1}/d\tau\cdot-\alpha\iota()1)/\beta$ , (10); (11) .
$ic\iota(\varpi-c)tp_{1})-\frac{1}{R\epsilon}(D^{2}- 1+\frac{l^{/i^{\underline{9}}}}{7’\underline{)}}(D\varpi)$ $1+ \frac{c\iota^{\underline{0}}}{\prime)^{\underline{9}}}[\overline{\iota p}-c\cdot-\frac{1}{ic\iota R\epsilon}($ $-\hat{/}.\underline{)})]D\iota/1=0$ . (15)
$i_{0}(\varpi-c)(-\gamma.\underline{\rangle})\mathfrak{a}(\iota\iota|)_{l}/3-\frac{1}{R\epsilon}(D-\gamma\cdot)\downarrow\ell_{1}\underline{)}\underline{)}\underline{)}+\epsilon^{arrow}\iota t^{\wedge}t\ell J-\cdot\underline{)}’=0$ . (16)
, $D\equiv cl/dt\iota$ . , $\gamma^{2}=\alpha^{2}+\beta\underline{)}$ .
$c$
. .
$\iota)1=n_{1}=Dn_{1}=0$ at $t\cdot=\pm 1$ . (17)
, $=$ $(a \neq 0, /i\neq 0)$ .
, $(\alpha\neq 0_{1}i=0)$ Pois$\epsilon\backslash uille$ T-S
, $\epsilon=0$ $R\epsilon_{r}=5772.2$
$a$ $=1.02$ . .
, $(\alpha=0, \beta\neq 0)$ G\"ortler Dean
Dean $Dn=\epsilon Re$ $/\backslash ^{O}\overline{7}$ , Dean
$D_{77_{C}}=26.942$ $\beta_{c}=1.97$ (Gibson & Cook. 1974) . $D\uparrow?-$
2 . ‘Exchange of Stability’
, .
$\epsilon$ T-S
$Re=Dn$ $/\epsilon=26.94/\epsilon$ . , $\epsilon=0.1$ ,
Reynolds $Re_{c}=269.42$ T-S
. 3 , $\epsilon\approx 0.0047$ .
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3.
G\"ortler $c\downarrow=0$ , .
F$\iota\iota$jiniura&Mizushiiiia $(19S7)$ 1:2
. , G\"ortler 1;2
. ,
1:2 .
, G\"ortler , $\sim\sim$ $(\partial/\partial_{\sim}^{\sim}=0)$




$\tilde{b}_{\iota},=t$ (-[/; } ,1) (19)
, $E=ex1\supset(i$ $)$ . $\phi,$ ) (6). (10). (11)
.
$\frac{\partial}{\partial t}$ 1 $0_{r\iota}=L,,\tilde{q)}_{?},-+N_{l?}$ . (20)
$1’t/I_{\iota}.L_{r\iota;}N_{1}$ .
$\underline{\prime}tI_{f\}}=(\begin{array}{lll}0 0 00 0 lS_{\prime} 0 0\end{array})$ . (21)
$=$ $(-(D_{\overline{L1}},)S_{1}^{\underline{\prime}}/R\epsilon D$ $i\prime\prime 00^{j}$ $-\xi\overline{\iota p’}l^{\sim}-j^{\underline{y}}s_{\vee^{/}}^{0_{B\epsilon}},\cdot)\cdot$
$\cdot$ (22)
$\wedge^{-\backslash \cdot=}\tau\prime\prime(\wedge rt-\backslash _{\tau,!}\vee\dagger 1\backslash \cdot..1)$ . (23)










$(\beta=\beta_{1})$ $A_{1}(t)$ , $(\beta=2\beta_{1})$ .42(f) , $\phi_{\iota}(\alpha\cdot, t)$
.41, .42 .41, $-4_{2}$ .
$\overline{O}_{0}=|_{-}4_{1}\sim|^{2}$ ( -11 $(.\iota\cdot)+|A_{2}|^{2}\phi_{-22}(.t\cdot)$ .
$(\rho_{1}=.4_{1}\varphi_{1}(.\iota\cdot)+\wedge 4_{1}^{*}4\cdot\underline{y}o_{-1\underline{)}}(.\iota\cdot)+|A_{1}|\underline{)}A_{1}\phi_{-111}(c\iota\cdot)+|\wedge 4\cdot\underline{)}|.\underline,$ $\wedge 4_{1^{C)}-2^{\underline{y}}1}(.\iota\cdot)$ .
$o_{2}\tilde{}=|_{-}4_{2}|_{-4\underline{)}}^{\underline{\prime}}\phi_{-22\underline{)}}(.\iota\cdot)$ . (24)
$o\cdot,$ $=A_{1}A_{2}\psi_{12}(.\iota\cdot)$ .
$Ci)_{-\iota=}$ 1 $\underline{)}\underline{\cdot)}(.\iota\cdot)$ .
, $c1A_{1}/$ cl $t$ $c1.4_{2}/dt$ .41, $A_{2}$ $+$ ,
.
$\frac{c1\wedge 4_{1}}{c1t}=/\backslash 1$ 1 $+/\backslash \underline{\cdot)}\underline{\cdot\rangle}+/\backslash -111|arrow 4_{1}|^{2_{A}}4_{1}+/\backslash -221|_{-}4\underline{\cdot)}|^{2}$ 1 . (25)
$\frac{c1\wedge 4_{\underline{9}}}{c1t}=/\backslash 2- 4_{2}+/\backslash 11arrow 4^{\frac{\cdot\cdot)}{1}}+/\backslash -11\underline{.\rangle}|arrow 4_{1}|^{2_{-}}4_{2}+/\backslash -\underline{.7}22|.4_{\underline{9}}|^{2_{arrow}}4_{2}$ . (26)
(24). (25). (26) (20) , $4_{\acute{1}^{1\iota}}A_{\underline{J}}^{ll}$
$\phi_{p}.,$ $\phi_{Iq:}d_{1^{j}q}\Gamma$ .
(25). (26) . $O(arrow 4_{1^{\wedge}\underline{)}}^{1}4^{0})$
.
$/\backslash 1\wedge/t/I_{1}\phi_{1}=.L_{1}d)1$ . (27)
(15). (16) , $()_{1}$
$\lambda_{1}$ . $t(1(0)=1_{1}.\iota/\cdot\underline{)}(0)=1$ , $-4_{1\cdot-}4\cdot\underline{)}$ $\iota\cdot=0$
$\tilde{t/}1(.\iota\cdot)_{:^{\tilde{t/}}2}(.\iota\cdot)$ . , $\iota l_{l)(1}(0)=0$ . $\iota/,)(1’\cdot(0)=0$
, $/\backslash _{1q}$ . $/\backslash pq?$ . .
(25), (26) , . 6 $\epsilon=0.1$ , $R\epsilon=300$





, $\overline{7}$ . (6) $-$ (9)
$\partial/\partial t=\partial/\partial_{\sim}\wedge\cdot=0$ $\Psi’(2,\cdot/\iota)$ .
$u’(x, \iota))=\frac{\partial\Psi’.(.\iota\cdot.y)}{(?!/}$ , $\iota’(.t\cdot, tj)=-\frac{\partial\Psi’(.\cdot\iota.\cdot,\iota/)}{\partial.\iota}$ . (2S)
$\Psi’(.\iota\cdot$ , ( $p’$ ( .
$( \frac{\partial\Psi’}{\partial_{1/’}}\frac{\partial}{\partial.\iota}-\frac{\partial\Psi’}{\partial.\iota}\frac{\partial}{(9_{1}/’})\triangle_{2}\Psi’-\epsilon^{\underline{y}}(\varpi+tp’)\frac{\partial_{1.\iota}’1}{\partial\iota)^{l}}=\frac{1}{-iR\epsilon}\triangle^{2}\underline{)}\Psi’$ . (29)
$( \frac{\partial\Psi’}{\partial_{J’}\iota}\frac{\partial}{\partial.\iota}-\frac{\partial\Psi’}{(?.\downarrow}\frac{\partial}{\partial_{1}/’})\iota\{)/+D\varpi\frac{\partial\Psi’}{\partial\iota/’}=\frac{1}{/dR.\epsilon}\triangle_{2}$ (30)
, $4=’/j_{1/}$ , $\triangle_{2}$ .
$\equiv\frac{\partial\underline{)}}{\partial:\iota^{\underline{\eta}}}+-\prime j^{2}\frac{\partial\underline{\rangle}}{\partial\iota/^{l^{\underline{7}}}}$ . (31)
, $-(3$ . (29). (30) $\Psi’(.1, .|/^{l})$
$\iota\iota’(.\iota\cdot. \iota/’)$ .
$\Psi’(.\iota\cdot.\iota/’)=,\sum_{1?=0}^{\downarrow tl}\sum_{11=0}^{N}t_{\perp rtlt\iota}^{-,G_{rtl}(x)c,(y’)}/\iota$ . (32)
$\iota p)’(.t\cdot. t/’)=\sum_{\prime l\prime=u}^{i\backslash I}\sum_{||=0}^{r}tP$ ”,
$\iota’\iota/’A.$ . (33)
$G_{\prime 1},(.\iota\cdot)=(1^{2}-.1^{\cdot})^{2}T_{J\}l}$ ( ). (34)
$\ovalbox{\tt\small REJECT}$ $(.\iota\cdot)=(1-.\iota^{2})T_{1}(.\iota\cdot)$
, (35)
$/c_{r}1(\iota/’)=\sin(\prime 1+1)y’$ , (36)
tl $(\iota/’)=\cos\uparrow 7.y’$ . (37)
(29), (30) $y’$ .
$\Psi^{l}(x, y’)=-\Psi’(.\iota_{:}-y’)$ , $w’(x.y’)=w’(x, -y’)$ (3S)
, (3S)
(Winters, $19S7$ ;Yanase, 1991). $\cdot$




$t \cdot t=\cos\frac{\pi i}{A^{/tI+)}arrow}$ $(1 \leq!\leq Itl$ $1)$ . (29). (30) .
$\text{ ^{}\ovalbox{\tt\small REJECT}}=\frac{T/./}{1V+1}$ $(1 \leq l\leq-\backslash -)$ . (29) .
$(/’ \dot{t}=\frac{T\prime j}{A\backslash \gamma+1}$ $(0\leq i\leq A\backslash *)$ , (30) . (39)
$– 1l=10,\cdot N=C$ . $|-$ .
4.2.
2 $D-\backslash$ $/\backslash ^{o_{\overline{7}}}$ $D\prime\prime$ $-\cdot-\cdot$) ,
$/\backslash ^{o_{\overline{7}}}$
$\epsilon$ . , R- $\epsilon=300,$ $\epsilon=0.1$
$D_{71}=30$ . 5 $\iota\cdot=0$ . $\iota/=0$
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3. $\epsilon$ T-S G\"ortler .
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$\beta$






5. , $x=0$ $A_{1}\equiv$
. $\epsilon=0.1,$ $R_{e}=300$ .
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